ABSTRACT: Pesticide industry is one main source of the chemical industry polluters and it always produces organic wastewater. The wastewater is attributed with relatively high concentration, high salinity, high chroma and high toxicity, and it is difficult to be degraded by microbes. This article implemented the optimization of pretreatment based on the traditional MVR wastewater treatment: "electrolytic oxidation pretreatment + MVR evaporation system" and selected the optimal experimental parameters: Ti/RuO2 electrode is the anode, stainless steel electrode is the cathode, the electrode distance (d) is controlled at 1cm, and the density of the current is set to 71 mA/cm 2 . With 7 hours' electrolysis, the muddy brown wastewater with 15600 times chroma is transferred to be colorless and transparent. The sodium chloride content is over 94% after the electrolytic solution is processed by the simulation MVR system, which can meet the secondary emission standards of industrial salt implemented in Man 1 st , 2016.
INTRODUCTION
In recent years, the use of high salinity wastewater increased rapidly in China's chemical production fields like the paper making, the petroleum, pesticides and fertilizers. The industrial wastewater emission has arrived to 20.53 billion tons in 2014, accounting for 28.66% of the total sewage discharge [1] . Pesticide industry is one main source of the chemical industry polluters, of which the annual emission accounts for 2%-3% of the total industrial wastewater. While according to incomplete statistics, only 7% of the organic pesticide wastewater with high salinity is properly processed in compliance with the standards [2] .
As one source of the intractable wastewater, high salinity organic pesticide wastewater contains many kinds of soluble inorganic salt such as Cl -, SO4 2- , Na + , Ca 2+ and Mg 2+ . In addition, it also contains various substances like organics and oil. The organic wastewater refers to the chemical oxygen demand COD of which is more than 2000 mg/L, whereas the high salinity wastewater refers to the soluble inorganic salt of which is more than 3.5% [3] .
The electrochemical oxidation method (Electrochemical Oxidation Process, EOP) can make use of the active chlorine produced by electrolysis to degrade the organic matter under normal temperature and pressure [4] . In the process, the reaction apparatus and techniques needed are simple and the operation is easy. Moreover, the processing cost is relatively lower than that of other commonly used oxidation process. In recent years, the electrochemical oxidation has become a hot topic in the treatment of wastewater including landfill leachate [5] , tannery wastewater, wastewater in chlor-alkali industry [6] , printing and dyeing wastewater [7] , refinery wastewater, papermaking wastewater [8] .
This work mainly focuses on the saline wastewater with high chroma and researches on the influence of electronic oxidation pretreatment on the COD, ammonia nitrogen, salinity and chroma of the wastewater.
We also try to figure out the optimal electrolytic conditions based on the change of electrolysis effects of the chroma under different current densities. Researches the sodim chloride (NH3-N) obtained from the evaporation of wastewater samples under different densities of the current have been carried on as well. Economic analysis of the electrochemical oxidation process has been done in the end 2 EXPERIMENTAL MATERIALS AND EQUIPMENT
Experimental materials
Since the water quality in the workshop is not stable, the two kinds of wastewater samples in the experiment are all from the storage tank in nicosulfuron synthesis section. # 1 is the water sample with the yearly lowest concentration; 2# is the one with the yearly highest concentration. The water samples are muddy brown and the salt obtained from direct evaporation in the MVR system will be regarded as hazardous waste. The quality analysis of the wastewater is as shown in Table 1 . 
Experimental equipment
The electrolytic cell used in the experiment is self-made. According to the literature [9] [10] , the anode of titanium substrate like Ti/SnO2, Ti/ β-PbO2 and Ti/RuO2 are commonly used in the electrolysis of the wastewater. Ti/SnO2 and Ti/β -PbO2 are mainly direct oxidation based, whereas Ti/ RuO2 is indirect oxidation based and has a low chlorine precipitation potential. Thereby, the chlorine can be precipitated at a lower voltage and the hypochlorite acid with higher oxidability can be generated which is conducive to the degradation of the organic pollutants in the high salinity organic wastewater. Combined with the consideration of energy consumption, we set the following anode and cathode materials for experiments:
(1) Anode material: Ti/RuO2 Size: 4 cm × 7 cm × 1 mm × 2 (2) Cathode material: stainless steel Size: 4 cm × 7 cm × 1 mm × 2
In the experiments, we used the home-made electrolytic cell and fixated the electrode distance (d) at 1cm. A reaction vessel with 1L was used to observe the electrolysis effect of electrochemical oxidation. The experiments mainly focus on the influence of the density of the current, the oxidation time and the voltage on the electrolysis effects. Experimental equipment is shown in Figure 1 . 
The experiment

Experiment process
The electrolysis of the water samples is as follows: 1): take 1000ml water from each sample without adjusting the pH value; 2): at room temperature, set Ti/RuO2 as anode, stainless steel as cathode, fixate the electrode distance(d) to 1cm, and keep the initial density of the current at 71.43 mA/cm 
Analysis method
Chemical oxygen demand (COD): standard potassium dichromate method [11] ; The ratio of sodium chloride: argentometric method of silver nitrate (GB11896-89) [12] ; Chroma: method of dilution multiple [13] ; Concentration of ammonia nitrogen: nessler's reagent colorimetry [14] ; Salinity: weight method [15] 3 RESULTS AND DISCUSSION
COD removal of high salinity organic pesticide wastewater
Take 1000ml water from each sample without adjusting the pH value, set Ti/RuO2 as anode, stainless steel as cathode at room temperature, keep the initial density of the current at 71.43 mA/cm • and other oxidants [16] are produced to degraded parts of the organic matter; Cl-discharges at the anode and thus nascent active chlorine ClO is generated then. The reaction process is as shown in formula (1-1) (1-2) (1-3) and the radical [•OH] is generated as shown in (1-4), (1) (2) (3) (4) (5) , (1) (2) (3) (4) (5) (6) .
Researchers believe that HO2• is also an important kind of oxide [17] , and it's generated by the following routes shown in formula (1-7) (1-8) (1-9);
[·OH] → H2O2
(1-7)
(1-9)
However, it can be known from the data after 10 hours' electrolysis, the high-concentration waste water still has a high COD and the reason probably lies in that [18] : although the organic matter is degraded during the electrolysis, HC1O is indirectly generated at the same time, and the reaction between HC1O and the organic matter generates the intractable organic chloride which is difficult to be degraded, thus leading to a high COD.
The NH3-N removal of high salinity organic pesticide wastewater
Take 1000ml water from each sample without adjusting the pH value, set Ti/RuO2 as anode, stainless steel as cathode at room temperature, keep the initial density of the current at 71.43 mA/cm2 and proceed to the electrolysis respectively and test the NH3-N removal effects of the water in the electrolysis. The test results are as shown in Figure 3 : Figure 3 . NH3-N removal effects with the time.
As shown in Figure 3 , the change of NH3-N is very slim with the electrolysis time and the NH3-N of the two samples is 270 mg/L and 941 mg/L respectively after 10 hours' electrolysis. The NH3-N removal is not satisfying [19] . The main reason is: anode Ti/RuO2 is mainly indirect oxidation based and the chlorine is precipitated and hypochlorous acid is generated after the chlorine is dissolved in the water, while the oxidation of hypochlorous acid can remove NH3-N and generate the nitrogen. Overall, the another reason might me that [20] the hydroxyl radical [•OH] has a strong oxidation and it can oxidize part of NH4 + -N to NO3-N, while NO3-N is more difficult to be removed.
Chroma removal of high salinity organic pesticide wastewater
Chroma is an important indicator to represent the water quality. Take 1000ml water from each sample without adjusting the pH value, set Ti/RuO2 as anode, stainless steel as cathode at room temperature, keep the initial density of the current at 71.43 mA/cm2 and proceed to the electrolysis respectively and test the chroma removal effects of the water in the electrolysis. The test results are as shown in Figure 4 . As shown in Figure 4 , the chroma removal curves of the two samples are almost the same and the chroma removal rates increase significantly with the time. During the electrolysis, it can be obviously found that the chroma removal rates can reach to 70% after 4h and the colours of the water samples change from brown to pale yellow. The pale yellow color is the one after the hypochlorous acid is dissolved in the water. The pale yellow becomes lighter after 5 hours. On the one hand, HClO is preciprated with the chlorine and on the other hand, the remaining HC1O reacts with the organic pollutants, leading to continuous decline of the chroma. It can be obviously seen that the chroma removal effect of the two water samples can reach 98% finally.
Salinity removal of the high salinity organic wastewater
Take 1000ml water from each sample without adjusting the pH value, set Ti/RuO2 as anode, stainless steel as cathode at room temperature, keep the initial density of the current at 71.43 mA/cm2 and proceed to the electrolysis respectively and test the salinity removal effects of the water in the electrolysis. The test results are as shown in Table 2 . It can be seen from Table 2 that the salinity of the samples slightly decreased after 10 hour's electrolysis and it is still far more than 1600mg/L. Therefore, the samples still need evaporation after the electrolysis.
The removal effects of wastewater indicators under different current densities
From the above test results, we can know that the electrolysis almost has no influence on the indicators of the wastewater except for the chroma. This needs more researches, so we take 1000mL of sample 2# to implement more experiments and test the electrolysis effects under different current densities. The test results are as shown in Figure 5 and Figure 6 . As shown in Figure 5 , the current density has little influence on the removal effects of COD, NH3-H and salinity of wastewater. Figure 6 shows the influence of different current densities on the electrolysis of the wastewater. The greater the current density is, the sooner the high removal rate can be reached. When the current density is 17.86 mA/cm 2 , the reaction is relatively slow, and the bleaching is not happing even after 24 hours, so it will not be adopted. When the current density is set to 35.71mA/cm2, 53.57mA/cm 2 Also, it can be seen in Figure 6 that when the current density increases to 125mA/cm 2 , the electrolysis time tends to be stable. With increasing the current density, the active chlorine electrodes also increase, so the degradation of the organic pollutants begins to be fast. Chlorine evolution reaction becomes the controlling step, and the electrolysis time needed is significantly reduced. But when the amount of the current density is large enough, the electrode surface is surrounded by a large amount of chlorine and then the chlorine evolution reaction reaches its limit while anodic oxygen evolution reaction begins, the homogeneous reaction between the organic pollutants and active Cl• becomes the controlling step. Meanwhile, within a certain electrochemical oxidation time, it will inevitably increase the power consumption and also impact the lifetime of the electrode. With consideration of the efficiency and benefits, it needs to set a low value and ensure the production capacity, so we set the current density at 71.43 mA/cm 2 , the voltage at 5V, and the electrolysis time as 7 hours.
Analysis of the recovered sodium salt
The chroma of wastewater can directly affect the chroma and purity of sodium salt. And its impact on the distilled sodium salt after electrolysis needs further validation. Under different current densities, we implement the electrolysis to reach a 100% removal of the chroma, and then evaporated the electrolyte. The analysis of the recycled sodium chloride is as shown in Table 3 : The sodium salt obtained from direct evaporation of raw water is pale green, while the one obtained from 24 hours' electrolysis under the current density with 17.86mA/cm 2 is light brown. As the electrolysis takes too long with the current density, it cannot be adopted. Under other current densities, the qualified white salt with over 94% content can be obtained.
ECONOMIC BENEFIT ANALYSIS
The main cost of electrochemical oxidation pre-treatment system is on the power consumption. The most appropriate current density is 71.43 mA/cm 2 , the current is 4A, its corresponding voltage is 5.0 V, the time for electrochemical oxidation of 7h, the treatment capacity is 2541t/a, and the electricity charge is 0.8 yuan/Kw.h. With the above settings, the cost of one ton wastewater is (depreciation cost of the equipment and cost of following Fenton processing cost are excluded):
Power consumption (yuan): The gross profits obtain from the electrochemical oxidation pretreatment of the wastewater in nicosulfuron synthesis section is (yuan):
1,037,400-12,760 = 919,800
The above data indicated that the electrochemical oxidation pretreatment of the wastewater in nicosulfuron synthesis section can bring a total of 919,800 yuan profits to the enterprises per year. On the one hand, it can reduce the amount of hazardous waste and sell recycled and qualified sodium chloride salt; on the other hand, direct MVR processing can avoid the cost of multi-effect evaporators and cost of following Fenton processing. It can be concluded that the electrochemical oxidation pretreatment has good economic benifits..
CONCLUSION
(1) The electrochemical oxidation is implemented at room temperature. Set Ti/RuO2 electrodes as anode and stainless steel as a cathode, control the initial density of the current at 71.43 mA/cm 2 and keep the ele electrolyze at room temperature. The degradation rates of COD are 26.05% and 24.03%, the degradation rates of NH3-H are 13.0% and 21.2%, the degradation rates of the salinity are 1.1% and 1.2% and the removal rates of chroma are both 100%.
( , the electrolysis will take 18h, 13h, 7h, 5.5h and 4h corresponding to reach 98% removal rate of the chroma. And it can be concluded that: the greater the current density is, the shorter time the electrolysis takes. Also, the optimal electrolysis condition can be obtained: set the current density to 71.43 mA/cm 2 and the electrolysis time to 7 hours. (3) Recycle sodium chloride after the electrolytic solution is evaporated to dryness. The sodium chloride from the direct evaporation of the raw water is pale green. Under all current densities expect for the one at 17.86 mA/cm 2 , the qualified white salt with over 94% content can be obtained.
